Introduction
The Glasgow Coma Scale (GCS) was developed to describe consciousness level in head-injured patients. 1 It measures the best eye, motor and verbal responses, and is a widely used and accepted prognostic score 2 for both traumatic 3 and nontraumatic altered consciousness levels. 4 The score has been validated for its inter-observer reliability, 5 which improves with training and experience. 6 The assessment of consciousness level in acute stroke is important for clinical management and as an indicator of prognosis. Presence or absence of coma is also used in selecting patients for clinical trials because of its relationship with outcome. As stroke may cause localized motor, speech or language deficits, the accuracy of the GCS as a measure of consciousness level may be affected. In turn, its prognostic value may be impaired. Conversely, in patients with a language disorder, the verbal score may reflect stroke severity in addition to its measurement of consciousness level, and for that reason it may retain useful prognostic information.
In head injury, the verbal component was shown to be inaccurate in up to 10% of patients due to injury or intubation and provided no additional prognostic information to motor and pupil responses. 3 A recent evaluation of the admission GCS in 275 acute stroke patients compared three alternative strategies for verbal scoring in intubated or dysphasic patients. 7 The total GCS score predicted acute mortality with 88% accuracy, and the verbal component could be excluded from the total GCS score without loss of predictive value.
We sought to determine the prognostic value of the total GCS score and its individual components in a large cohort of patients with acute stroke. In particular, we assessed the contribution of the verbal component to outcome prediction in patients with and without dysphasia. We also aimed to identify the subset of the eye, verbal and motor components which best predicted outcome in all strokes and in patients with a language disorder.
Methods
We studied patients admitted to our acute stroke unit between July 1990 and March 1995. We included individuals with acute stroke who had not previously been entered in the study. In all patients, CT scanning was performed to exclude any nonvascular cause of the neurological deficit. Medical staff prospectively recorded demographic data and clinical features of patients on admission, including measurement of the GCS eye, motor and verbal scores. The stroke unit admission policy aims for patients to be admitted and assessed within 48 h of stroke onset. Medical residents and a qualified speech and language therapist tested for the presence of dysphasia.
Outcome follow-up by record linkage 8 to death and hospital discharge records established patient survival and placement. Death records were obtained from the Registrar General of Scotland. Record linkage uses a probability-matching algorithm that gives low rates of false-positive and false-negative links (about 1%). 8 Admissions to non-National Health Service hospitals and institutions outside Scotland are not detected. Placement was used as a surrogate marker of survival and functional outcome combined: patients who were alive and living at home or with relatives were defined as having a good outcome; patients who had died or were resident in institutional care were considered to have a poor outcome. Patient survival and placement were recorded, blind to the GCS score, at several time points. Two-week survival and placement at 3 months were selected to represent the clinically relevant outcomes of early mortality and medium-term recovery, respectively.
Statistical methods
Receiver operating characteristic (ROC) curves were plotted to assess the prognostic value, for 2-week mortality and 3-month placement, of the total GCS score, the total GCS excluding the verbal component, and the eye, verbal and motor components individually. For 2-week mortality, we defined sensitivity and specificity for a cut-point on a score as the respective proportions of deaths and survivors that were correctly predicted. Mortality was predicted in patients with a score below the cut-point; survival was predicted in patients having a score greater than or equal to the cut-point. We used an analogous interpretation of the cut-point for 3-month placement. We also calculated the positive predictive value (proportion of patients predicted to die or have a poor outcome who actually died or had a poor outcome) and the negative predictive value (proportion of patients predicted to survive or have a good outcome who actually survived or had a good outcome).
For each outcome measure and combination of GCS components, we identified the optimal cutpoint which maximized the sum of sensitivity and specificity. The area under the curve (AUC) and its standard error were calculated 9 to measure the prognostic information provided by each combination of GCS components. The AUCs were compared using a test appropriate for correlated samples. 10 The correlations arose since several combinations of GCS components were being compared on the same group of subjects.
Forward stepwise logistic regression modelling determined the subset of the GCS eye, motor and verbal components that best predicted 2-week mortality and 3-month placement. Effect sizes in the logistic regression were expressed as odds ratios and their 95%CIs. ROC curves were used to illustrate the performance of the model with the optimal subset of GCS components in each case. All analyses were repeated in the subgroup of patients with dysphasia.
The ROC analysis was carried out by Nonparametric Receiver Operating Characteristic Analysis software (version 2.5) 11 and the stepwise logistic regression modelling used SAS version 8.2 (SAS Institute) on a desktop PC.
Results
During the study, 1859 individuals were admitted to the acute stroke unit, of whom 1517 had a diagnosis of acute stroke. All components of the GCS were recorded for 1232 patients; outcome data were available for 1217 (99%). Overall, 349 patients (29%) were dysphasic. Table 1 shows the demographic and clinical features of the patients.
Some 235 patients (19%) died after 2 weeks; 537 (44%) had a poor outcome at 3 months. The corresponding figures for dysphasic patients were 95 deaths (27%) and 196 poor outcomes (56%).
Each of the GCS components was strongly related to outcome ( Table 2 ). The verbal component gave the greatest AUC for each patient group and outcome measure, except for 2-week mortality in dysphasic patients. Differences among components were statistically significant only for 3-month placement in all patients. Figure 1 gives ROC curves for the eye, verbal and motor components for prediction of mortality and placement in each patient group.
For 2-week mortality in the whole patient group, the areas under the ROC curve for the summed GCS scores with and without the verbal component, were 0.78 and 0.76, respectively (p = 0.021). The difference in area had similar magnitude for dysphasic patients (AUCs 0.72 and 0.71; p = 0.52). For the 3-month placement endpoint in the whole patient group, the AUCs for the GCS scores with and without the verbal score, were 0.71 and 0.67, respectively (p = 0.0001). The corresponding areas for dysphasic patients were 0.74 and 0.70 (p = 0.055). Figure 2 compares the ROC curves for the summed GCS scores, including and excluding the verbal component.
In the whole patient group, stepwise logistic regression identified first the verbal and then the eye components as independent predictors of 2-week mortality and 3-month placement (Table 3) . In dysphasic patients, the eye component entered the model for 2-week mortality first, followed by the verbal score. The motor component, while itself associated with outcome, did not add statistically significant predictive information to these models. The motor score only provided prognostic information independently of the verbal and eye components in the prediction of placement in dysphasic patients (Table 3) .
Further ROC curve analysis compared the versions of the GCS obtained at each step of the logistic regression modelling. This identified whether the statistically significant term added to the model at each step substantially improved predictive accuracy. The AUC became progressively greater as components were added to the score, for all patient groups and outcome measures ( Figure 3 , Table 4 ). In prediction of 3-month placement in dysphasic patients, the AUC of 0.74 after addition of the eye component (Figure 3d ) was not substantially greater than the AUC of 0.73 for the total verbal and motor score, although the difference was statistically significant (p = 0.037). Table 4 shows the sensitivity, specificity, and positive and negative predictive values for the optimal cut-point on each score. For the whole patient group the optimal cutpoints were the maximum scores (5 for the verbal component and 9 for the sum of verbal and eye). Use of the verbal component on its own provided good specificity but low sensitivity to poor outcome 16 stroke scales, while another defined coma as inadequate motor response to painful stimuli. 17 The GCS was developed because of a similar difficulty in defining level of consciousness in head injury, and has subsequently been shown to predict outcome well following head injury. Teasdale recommends that the GCS components should not be summed, as they are not equivalent. 18 Jennett and Teasdale (1977) noted, however, that all of the combinations of eye, verbal and motor findings which lead to a total GCS score of -8 meet the recognized definition of coma. 19 Our ROC curve analysis in all patients shows that the total GCS score contains valuable prognostic information following acute stroke, and predicts early mortality more accurately than 3-month outcome. A cut-point of 15 was best, giving a simple interpretation: any impairment of consciousness level predicts poorer outcome. Predictive accuracy was also good in the dysphasic subgroup.
In the whole patient group, multivariate analysis of the individual GCS components identified the verbal and eye components as the best predictors of clinically relevant outcomes. Addition of the eye to the verbal component improved sensitivity although specificity was reduced. The motor score did not add prognostic information to the regression models. In contrast, previous stroke studies found that the verbal component was of little value and the motor component predicted outcome more accurately. 7, 20 Both of these studies were relatively small and one 7 measured outcome at hospital discharge or transfer, rather than at a fixed time point after the stroke.
Focal deficits in acute stroke may affect component scores without reflecting the true consciousness level. As with speech, the motor score may be affected by focal deficit: severe or posterior circulation strokes may cause bilateral limb weakness. Another possible confounding factor is the erroneous recording of the motor score from the paretic limb, rather than observing the best response. Because of the effect of focal deficits, it would superficially seem reasonable to exclude the verbal score in dysphasic stroke patients.
Our analysis for the dysphasic subgroup showed that the verbal component provided additional prognostic information to the combined eye and motor scores. Our results suggest that when a language disorder is absent, the verbal score contributes prognostic information by measuring level of consciousness or by acting as a marker for confusion. In dysphasic patients, the verbal component may reflect stroke severity and hence predicts outcome. The motor component, whilst itself a prognostic indicator, did not add substantially to the predictive accuracy of the combined eye and verbal scores in the ROC analysis. This finding differs from the results in head injury. 3 The GCS score predicts both 2-week mortality and 3-month placement after stroke. The verbal score contains valuable prognostic information and should be recorded even for dysphasic patients. We have shown that the maximum verbal score of 5, corresponding to an orientated verbal response, accurately predicts 2-week survival and good 3-month outcome. A score below 5 is an acceptable predictor of 2-week mortality, but is not as accurate in predicting poor 3-month outcome. A simple test for an orientated verbal response would be effective in selecting, prior to clinical trial entry, patients likely to survive the early effects of the stroke, since the negative predictive value lies between 0.88 and 0.92. Summing the verbal and eye scores and using a cut-point of 9 (unimpaired vs. impaired consciousness) improves sensitivity to mortality and poor outcome but slightly reduces specificity to survival and good outcome. Using all three of the GCS components is helpful in describing the clinical status of a patient, but unnecessary for prognostic purposes.
The optimal cut-points we identified require confirmation in other populations, since positive and negative predictive values depend on the mortality and poor outcome rates in a patient population. The 3-month outcome measure also has limitations, as placement may be influenced by factors unrelated to functional outcome. Availability of a family carer may enable a patient to continue living at home. Placement in institutional care may be a less relevant outcome in countries other than the UK; for example, in Southern Europe, care for a disabled relative conventionally takes place within the family home.
We have demonstrated a strong relationship between the verbal and eye GCS scores and outcome in the acute stroke population. However, the positive predictive values for 2-week mortality and negative predictive values for 3-month placement range from 0.42 to 0.70 and are not sufficiently high to be used as the sole basis for clinical decision-making on the individual patient. It would thus be preferable to combine GCS data in a model with other stroke prognostic factors if they were to be used in patient management. AUC, area under curve; E, eye component of GCS; EqV, sum of eye and verbal GCS components; VqM, sum of verbal and motor GCS components; EqVqM, sum of all GCS components; PPV, positive predictive value; NPV, negative predictive value.
